Modulation of E-cadherin monomer folding by cooperative binding of calcium ions.
Classical cadherins are transmembrane glycoproteins involved in calcium-dependent cell-cell adhesion. Calcium ions are coordinated at the interface between successive modules of the cadherin ectodomain and are thought to regulate the adhesive interactions of cadherins when present at millimolar concentrations. It is widely accepted that calcium plays a critical role in cadherin-mediated cell-cell adhesion, but the nature of cadherin-calcium binding remains a matter of debate. We investigated the parameters of noncovalent cadherin-calcium binding, using the two N-terminal modules of E-cadherin (E/EC12) with a native N-terminal end and nondenaturing electrospray ionization mass spectrometry. By directly visualizing the molecular complexes, we demonstrated that E/EC12 binds three calcium ions, with an average KD of 20 +/- 0.7 microM. These calcium ions bound cooperatively to E/EC12 in its monomeric state, and these properties were not modified by an N-terminal extension consisting of a single methionine residue. This binding induced specific structural changes, as shown by assessments of protease sensitivity, circular dichroism, and mass spectrometry. Furthermore, the D103A mutation (a residue involved in E-cadherin adhesive function) modified calcium binding and led to a loss of cooperativity and the absence of structural changes, despite calcium binding. As the amino acids involved in calcium binding are found within the cadherin consensus motif, our findings may be relevant to other members of the cadherin family.